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Body burdens of “~Sr, Cs, and the transuranics in bottom feeding fish
from Marshall Island Atolls are derived, in part, from the quantities of the
radionuclides irreversibly fixed to ingested carbonate material. Radionuclide
concentration factors for different species of fish are characterized by
relating tissue concentrations to those in filtered seawater. For bottom
feeding fish, the values are lower at the lesser contaminated atolls than those
values determined for the same species at the more contaminated atolls. These
fish have the ability to lower their gut pH during feeding. When this occurs,
there is a dissolution of a fraction of the ingested calcium carbonate
containing radionuclides that were fixed or fused internally to the material
during nuclear testing. Fractions of the radionuclides released during
solution of the carbonate matrix are available for passage across the gut wall.
Amounts released to solution in the gut are proportional to the levels of
contamination at the different atolls. Concentration factors for higher
trophic level species, which do not rely on sediments or coral for their source
of food, show no such trends between differently contaminated atolls. A two-
source model used to compute the internal concentrations is described. The
model assumes radionuclides are derived from the "equilibrium labelled
environment" and the sedimentary "bound" source term.

241am seems to be more biologically available than 239,240p ¢, higher
trophic level species from the lagoons, whereas at lower trophic levels the
opposite seems to be the case. ]37Cs is presently the largest contributor

to the small radiological dose to man from the marine fish pathway, with the

transuranics contributing from 2-30% of the total dose. There is little



reason to single out the transuranics as potential hazards in the marine fish
ingestion pathway at these atolls, unless parts of the fish that are not

normally consumed by man are included in the human diet.

Introduction

Results from our transuranic research program at the Pacific Proving
Grounds, described in the first DOE Symposium Volume (Noshkin, 1980), focused
primarily on the geochemical behavior of plutonium in the marine environment
of Enewetak Atoll. In subsequent years information on plutonium oxidation

239’240Pu and 241Am in both marine

states, the relative behavior of
environments of Enewetak and Bikini, mobilization of plutonium and americium
from lagoon sediments to seawater, and other geochemical topics was compiled
and assembled for publication (Noshkin and Wong, 1980; Noshkin et al., 1984a).
Concurrent with these studies, several biological investigations were initiated
in an attempt to link the sedimentary source terms and geochemical observations
with biological accumulation. There was also a need for related work to
provide an updated estimate of potential radiological dose to individuals via
the marine food chain at Enewetak, Bikini, and at other Marshall Island Atolls;
fish is the major marine food product at these atolls. Detailed studies on
transuranics and other radionuclides accumulated by these organisms were
therefore needed.

Studies began at Enewetak Atoll in 1976 and were expanded to include
sampling and analyses of fish from Bikini Atoll in 1977. 1In 1978, a
radiological study at several Northern Marshall Atolls was undertaken. The
northern atolls were contaminated to different degrees by intermediate ranqe
fallout resulting primarily from the detonation of a thermonuclear device,

Bravo, in the 1954 Castle series of tests at Bikini. Fish and other samples



were collected for analyses at the atolls of Rongelap, Rongerik, Likiep, Taka,
Wotho, Ailinginae, Bikar, Ailuk, Ujelang, and the islands of Mejit and Jemo.
In the early 1980s, we extended our investigations to include studies at
Johnston Atoll, where plutonium in the marine environment was derived from
global fallout deposition and local deposition from nonnuclear events. As a
consequence of three THOR missle aborts, which occurred at Johnston Atoll in
1962 during the atmospheric nuclear testing program conducted by the United
States, quantities of nonfissioned transuranics were scattered over the atoll
and the surrounding marine environment.

Analyses of the fish collected from the Northern Marshalls in 1978
generated considerable data . Some of the results have been discussed
elsewhere (Noshkin et al., 1981; Robison et al., 1981a), but a significant
fraction of the data has not been assembled previously for discussion. In
this report we discuss the results for gOSr, 137Cs, 239’240Pu, and 24]Am in a
variety of fish representing marine trophic levels II to V. Results for some
radionuclides in fish from Bikini, Enewetak, and Johnson Wi11 be published in
a separate report (Noshkin et al., 1984b), since the data base is extensive
and the accumulation of transuranics by fish from the environmental sources at
these atolls requires additional study. We relate regularities and
differences in concentrations with respect to tissue distributions, trophic
level, and feeding habits. Differences in the values of concentration factors
for different species are emphasized. Finally, to demonstrate the relative
significance between transuranics, 137Cs, and 9OSr in dose-to-man
estimates from a marine fish food pathway, we calculate radiological doses,
basing them on the average radionuclide concentrations in fish muscle tissue

and assuming an average daily intake of 200 q.



General Information

Collections and Methods

Throw nets were used exclusively to catch reef fish from the locations

indicated by letter and number designators shown in Fig. 1. We used this
identification system rather than the Marshallese island name for convenience
only. The areas fished were close to shore in water not more than a few feet
deep. Water and surface sediment was sampled at most locations in anticipation
of relating tissue concentrations to environmental levels. Large pelagic and
benthic fish were collected on sport fishing qgear while trolling in the lagoon.
A11 fish were returned to the ship, segregated by species, placed in plastic
bags, and frozen in freezer units. The samples were shipped to Lawrence

Livermore National Laboratory (LLNL), Livermore, California, for processing.

Species Collected, Feeding Habits, and Trophic Level Relationships

The principal species collected are commonly eaten by the Marshallese.
They are relatively abundant; have different feeding habits; and for certain
species, such as the surgeonfish and mullet, represent fish that were
excellent indicator species, having the highest transuranic concentrations in
edible muscle tissue. It was not always possible, however, to obtain an
adequate number of the same species at every location sampled because of
tides, insufficient time, and depletion due to overfishing at inhabited
atolls. Feeding habits and trophic level assignments listed below are from

descriptions by Hiatt and Strasburg (1965).



Various reef fish were collected. Mullet, Crenimugil crenilabis and

Neomyxus chaptalii, are herbivorous, detrital feeders that ingest considerable

quantities of bottom sediment along with food. Convict surgeonfish, Acanthurus
triostequs, are herbivorous browsers that feed on small algal fronds and
filamentous algae that grow on reef rock or on the base of dead coral. The

unicornfish, Naso lituratus, also a herbivore, browses on larger seaweed

growing in sandy and rocky areas. Rabbitfish, Siganus rostratus, are

herbivorous browsers, but they will occasionally feed on fleshy items found in

garbage dump areas. Rudderfish, Kyphosus cinerascens, are strictly herbivorous

browsers. A1}l of the above fish belong to the second trophic level. Goatfish,

Mulloidichthys samoensis, consume fossorial and other benthic fauna, including

small clams, crustaceans, other invertebrates, and small fish. This species

belongs to the third trophic level. Threadfin, Polydactylus sexfilis, and

flagtail, Kuhlia taeniura, feed on benthic fauna and also belong to the third

trophic level. Parrotfish, Scarus sordidus, are common reef-dwelling, grazing

omnivores feeding on live coral heads and occasional algae. Parrotfish are
placed in the fourth trophic level because their food source (live coral
polyps which feed on zoo plankton) are assigned to the third trophic level.
Larger benthic, midwater, and surface carnivores were also occasionally
collected from lagoons. Grouper, Epinephelus sp., are benthic carnivores of
the third trophic level that feed on small fish and invertebrates. Jacks,

Caranx melampygus, and Elegatis bipinnulatus, rainbow runner, are fast-swimming

carnivores that feed on small fish and squid. Elegatis bipinnulatus may

occasionally eat swimming crustacea. Snappers, Aprion virescens (grey

Snapper) and Lutjanus bohar (red snapper) are hovering, midwater-to-surface

carnivores. Another snapper, Letherinus kallopterus (pigfish) is a bottom

dweller that feeds primarily on benthic crustacea. Jacks and snappers are in

the fourth trophic level. Tuna, Euthynnus affinis (bonito), Thunnus



albacares, and Gymnosarda nuda, and mackerel, Grammatorcynus billineatus, are

large, rapid-swimming carnivores that feed on small fish and any other prey of
proper size. They represent species of the fifth trophic level. 1In the
remainder of this report, common rather than scientific names wilil be used for

convenience.

Sample Processing and Analysis

The fish from each location were counted and partially thawed. The total
weight, length, and sex of each fish was recorded. Each fish was dissected
into muscle tissue, bone (cranial and thoracic, vertebrae and ribs, and pelvic
and pectoral girdle), skin and scales (fins discarded), stomach contents,
liver, and remaining viscera that included large and small intestines with
contents, stomach wall, spleen, kidney, and mesenteries. The concentrations
determined in the viscera samples are regrettably less descriptive than those
for other tissues because of the matrix of oragans and tissues represented. In
some instances, however (in conjuction with our Bikini and Enewetak studies),
a finer division of the visceral components was made for analyses. Each
separate tissue and organ of the species from the same catch was pooled. It
was necessary to pool tissues from a particular catch for the analysis of the
low concentrations of transuranics anticipated in edible flesh. This resulted
in the mixing of several populations (weight classes) and fish of different
sex. Since mixing masked any differences in concentration related to weight
(size), sorting of different size classes for processing was accomplished, in
some instances, to assess any relationship of concentration to weight. We
were unable to relate any differences in concentrations of specific

radionuclides with sex. Gills were separated from the fish but not analyzed.



Our experience prior to 1978 showed that gills were frequently contaminated
with sediment. Since gills are not eaten, 1ittle academic information would
be gained from their analysis because of the possible contamination.

After the wet weight was determined, each pooled fish tissue sample was
dried in ovens at 90°C to constant dry weight and dry ashed in muffie furnaces
at 450°C for approximately 72 h. We processed 2625 fish on this program to
make up the pooled number of samples of different species shown in Table 1.
Shown also in Table 1 are the mean dry/wet tissue weights. The dry/wet
stomach content values are of particular interest, since the differences noted
attest to the different feeding habits of the species. The consistency of
this ratio among each species from all atolls shows that each species is
probably feeding on similar material at all atolls. The wet:dry quotient for
the stomach content of mullet and parrotfish was similar to that for carbonate
sedimentary material.

Samples were transferred to aluminum containers, sealed, and analyzed by
gamma spectrometry. Gamma-spectrometry measurements were made on all separated
samples at LLNL using a variety of Ge (Li)-diode detector systems. Counting
times were usually 1000 min or longer for each sample. Except at Bikini and
Enewetak, the only radionuclides, other than naturally occurring 40K, detected

60

in fish muscle tissue by gamma spectrometry were ]37Cs and occasionally ~Co.

After gamma analysis the samples were either sent to a contractor

Taboratory or retained at LLNL for radiochemical separations of 9OSr, ]37Cs,

238,239,240 281,

Pu and m. These nuclides were judged to be of potential

significance for dose assessments. The ]3765 was radiochemically separated
from muscle tissue and analyzed to confirm the measurements made by gamma

spectrometry, which in turn provided a useful interlaboratory calibration for

quality control. At LLNL, plutonium and americium were separated from the



Ory/wet Tissue Weights
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; D-Bikar; S-Jemo; L-Likiep; R-Mejit; F-Rongelap

luk; C-Ailinginae

i

Abbreviations for atolls are A-A

a

M-Wotho.

J-Ujelang; I-Utirik

; H-Taka

G-Rongerik






